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PREFACE 


Tha High Raaolutlon Infrarad Radiation Sounder (HIRS/2) 
program providaa operational inatrumantation for tha collection of 
atmoapharic radiance data that will permit calculation of tan^aratura 
profile from tha aurfaca to 10 mb« water vapor content in three layers 
of tha atmosphere f and total osona content. Radiance is measured in 
nineteen selected infrared channels. One visible channel senses solar 
reflectance to aid albedo and cloud cover determination. Cross-track 
scanning provites near full earth coverage twice each day. 

Three instruments developed and fabricated on this contract 
are for uae on the TIROS-N aatellite series. The first unit was a part 
of the TIROS-N satellite launched m October 13 « 1978. E>ata from the 
first instrument became operational on March 1, 1979. The second unit 
was a part of the HOAA-6 satellite launched on June 27, 1979. The 
third unit has been delivered to the spacecraft integrator for assembly 
into the MOAA-B Spacecraft. 

This report describes the instrument, its program history, 
and the more significant test data from the three units. The quality 
of the data from the HIRS/2 is consistent from unit to unit and is suf- 
ficient for supporting the operational system. Reliability of the 
systems have been excellent to date, indicating the 2 ibility to fully 
support the TIROS-N program. 


1.0 SUtOUkRY 

1.1 G«n«r«l 

Th« High Risolut^ion Infrared Radiation Soundar (RIRS/2) 
program actlvitiaa Ineludad tha davalopmant and taat of thraa Inatru- 
manta for inatallation and long-tarm oparation on tha TIR08-N aarlaa 
aatalllta. Tha program bagan In July of 1976 to guickly provida a 
ayatam for tha TXROS-M aatalllta that tfould aqual or loqprova upon tha 
parformanca of a HIRS unit flown on tha Nlmbua 6 aatalllta in Juna of 
1975. Many of tha baalc daaign faaturaa of tha Mlmbua HIRS wara uaad 
In tha naw ayatam. Othar faaturaa had to ba changad to maat tha macha- 
nlcal, alactrleal. and tharmal Intarfacaa of tha naw aatalllta. Tha 
protoflight Inatrummt waa oong>latad and dallvarad on Nay 1. 1978, 
twantytwo montha aftar contract award. Tha aacond unit, Flight Modal 
Ona <FM1), waa dallvarad on Auguat 13, 1976, and tha third \mlt, Flight 
Modal T«fo (FH2), waa dallvarad on Fabruary 14, 1979. Tha TIR0S*N 
aatalllta waa launehad on Octobar 13, 1978. Aftar NASA control and 
chackout, tha oparation of tha aatalllta waa aaaumad by HOAA. HIRS/2 
data wara fad to tha Rational Mataorologlcal Cantar In mid-January and 
bacama part of tha oparatlonal data on March 1, 1979. 

Thla raport Includaa a brlaf daacrlptlon of tha Inatrumant. 
Datallad matarial on tha ayatam and aubayatam oparation ara glvan In 
tha Tachnlcal Daacrlptlon for High Raaolutlon Infrarad Radiation 
Soundar Mod 2, Octobar 1978 . Othar daacrlptlva and taat data ara 
Included In tha "Inatructlon Manual and Calibration and T^^at Data 
Raport" for aach Inatrumant. Tha final report will excerpt aoma of 
thla data to con^ara the parformanca of the three unlta. 

1.2 Tha HIRS/2 Inatrumant 

Tha HIRS/2 program to provida an atmoapharlc aoundlng unit 
la derived from an Inatrumant developed and flown on the Nlmbua 6 
aatalllta. Contract NAS5-21651. Raaulta from orbital data and ayatam 
atudy ahowad promlae of obtaining data from which Is^rovad atmoapharlc 
aoundlnga may ba derived. Aie baalc dealgn of tha Nlmbua HIRS ayatam 
waa nx>dlflad to accommodate the TIROS apacecraft and orbital raqulre- 
manta. Several changaa In aubayatam dealgn ware alao made to ing>rova 
tha aenaor performance and tha reliability of the filter wheel drive 
aaaembly. A protoflight Inatrument waa dealgned and aaaaniblad by uaing 
aome parta from the HIRS/1 program. Lat %r modala uaad almllar com- 
ponents with little change In dealgn. 

Multlspectral data from one vlaible channel (.69 micron), 
aavan ahoxrtwave channala (3.7 to 4.6 micron), and twelve longwave chan- 
nela (6.7 to 15 micron) are obtained from a alngla telescope and a 
rotating filter wheal containing twenty Individual filters. A mirror 
provides cross-track scanning of 56 Increments of 1.8°. The mirror 
steps rapidly, then holds at each position while the filter segments 
ara sampled, 'nils action takas place each 0.1 seconds. The Instan- 
taneous field of view for aach channel la approximately 1.2° which, 
from an altitude of 833 kilometers, la an area 17.45 kilometers In 
diameter at nadir on the earth. 
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1hr«a datactora ara viaad to aanaa acana radiation* A aili- 
con call tetacta tha anargy through tha viaibla filtar* An Indiuai 
Antittonida dtetactor and a Naroury Cadadum Tallurida dataetor mountad on 
a paaaiva radiator and oparating at 107K aanaa tha ahortwava and 
longwava Miargy. Tha ailicon call oparating tasqparatura ia 288X* Tha 
ahortwava and viaibla dataetora ahara a conaon fiald atop, whila tha 
longwava uaaa a aaparata atop* Ragiatration of tha fialda in all chan- 
nala ia datarminad by thaaa fiald atopa; aacondary af facta ara eauaad 
by dataetor poaition* 

Calibration of tha HIRS/2 ia providad by progranmad vla«ra 
of thraa radi«natrie targata oonaiating of (1) an intamal warn targat 
nountad to tha inatrumant baaa, (2) an intamal cold targat iaolatad 
from tha inatrunant and oparating at naar 265K, and (3) a vlaw of 
apaca* Data from thaaa vlawa provlte aanaltlvlty calibrationa for aach 
ehannal at 256 aacond intarvala, if ao daairad* Intamal alactronic 
algnala provida calibration of tha an^lifiar chaina at 6*4 aacond 
intarvala* 


Data from tha inatrumant ara multiplaxad into a aingla data 
atraam controllad by tha TIROS Information Procaaaor (TIP) ayatam of 
tha apacacraft* Information from tha radi«aatrlc t^annala and voltaga 
talamatry ia convartad to 13-bit binary data* Radiomatrlc information 
la procaaaad to produca tha maximum dynamic ranga ao that Inatrumant 
and digitialng noiaaa ara a amall portion of tha aignal output* Each 
ehannal la charactarizad by a nolaa aquivalant radlanca and a aat of 
calibration data that may ba uaad to Infar atmoapharic tang>araturaa and 
probabla arrora* 

Tha HIRS/2 inatrummt ia a aingla packaga mountad on tha 
Inatrumant Mounting Platform of tha TIROS-M apacacraft* Tha unit ia 
ahown in Figuraa 1-1 and 1-2* A tharmal blankat ancloaaa moat outar 
aurfacaa othar than that of tha radiating panal and door araa* Tha 
radiating aurfaca viawa apaca, amitting ita haat to provida paaaiva 
cooling of tha dataetora to tha 107K tamparatura* A ahiald, which pra- 
vanta tharmal Inputa from aarth, la part of a door aaaambly that is 
cloaad during launch and ia kapt cloaad for an initial outgaa pariod* 

At tha and of that pariod tha door ia opanad to allow tha paaaiva 
radiator to cool* If indicationa of contamination occur la tar in tha 
oparatlon of tha ayatam, tha door ramaina opan and haat is appliad to 
bring both stagas of tha radiativa coolar to naar 300K* 

Tabla 1-1 lists tha ganaral charactarlstics of tha HIRS/2 
Inatrumant* Tabla 1-2 lists tha spactral channels and sanaltivity 
characteristics for the HIRS/2* Figure 1-3 illustrates the pattern of 
scanning, showing the scan mirror and tha positions of tha calibration 
targets relative to aarth scan* 

A stepping mirzjr directs the radiant energy from tha earth 
to a single, 6-inch diameter telescope assembly every tenth of a 
second* Collected energy ia separated by a baamsplittar into longwava 
(above 6*5 ym) and ahortwava (visible to 4*6 ym), than passed through 
fiald stops and through a rotating filtar wheal to cooled detectors* 


3 




hibs/2 Flight 






TAbl* 1-1* I1IR8/2 8yst«n Charact*riitics 


Optie Fi«ld of Vi«w 
Xnoludod Inorgy 

Channol-to-Ch«nnol Itagistrotion 
Longirav* 

Shortwavo 

Earth Sean Angla 

larth Scan stapa 

Stop and Dwall Titna 

Ratraca Stap TIbmi Paried 

Total Scan plua Ratraca Tina 

Earth Swath Covaraga« 833 Ra orbit 

larth Plaid Covaraga 

JUdiooMtric Calibration 

Fraqaancy of Rad. Cal. 

Dwall Tina at Cal. Poalciona 
Longwava Qiannals 
Longwava Datactor 
Shortwave diannala 
Shortwave Datactor 
Vlslbla Qiannal 
Vlalbla Dctactor 
Signal Quantizing Lavala 
Electronic Calibration 
Frequency of Elect. Cal. 

Talascopa Aperture 
IR Datactor Taa^aratura 
Filter Taiaparatura 
Znatrumant Operating Tenperature 


1.22** typical 
97% within 1.80<^ 

O.OS of FOV area, within band 
0.02 of FOV area, within band 

99.0® 

56 

100 B8 total 

0.8a 

6.4a 

2254 ka 

17.5 ka <1.22® FOV) 

290K Black Body^ 

2651 Black Body, and Space Look 

256a, typical 

5.6a (4.8a at qpace) 

12 

Mercury Cadmiua Tellur Ida 
7 

Indium Antlnonida 
1 

Silicon 

8192 (13-bit rading) 

32 equal levela each polarity 
One level each acan line (6.4a) 
15.0 cm (5.9 in ) 

107K 

30 3K 
o 

15 C nominal 
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Tabl« 1-2 


MZR8/2 ^ctral Character is ties 


Chaaaal 

Channal 

Fraquaney 

(aii"^) 

UB 

Ralf Powar 
Bandwidth 

Maxiaua 

Seana 

Taqparatura 

Byataa Nl^ 

(K) pm mi m2 

1 

669 

14.95 

3 

280 

2.56 

2.47 3.18 

2 

680 

14.71 

10 

265 

.46 

.63 .61 

3 

690 

14.49 

12 

240 

.53 

.49 .43 

4 

703 

14.22 

16 

250 

.30 

.34 .28 

5 

716 

13.97 

16 

265 

.19 

.31 .19 

6 

733 

13.64 

16 

280 

.24 

.35 .19 

7 

749 

13.35 

16 

290 

.14 

.20 .14 

8 

900 

11.11 

35 

330 

.058 

.068 .042 

9 

1,030 

9.71 

25 

270 

.030 

.082 .055 

10 

1,225 

8.16 

60 

290 

.15 

.16 .066 

11 

1,365 

7.33 

40 

275 

.14 

.21 .14 

12 

1,488 

6.72 

80 

260 

.19 

.17 .095 

13 

2,190 

4.57 

23 

3C0 

.0057 

.0032 .0029 

14 

2,210 

4.52 

23 

290 

.0031 

.0039 .0031 

15 

2,240 

4.46 

23 

280 

• 0033 

.0045 .0037 

16 

2,270 

4.40 

23 

260 

.0)18 

.0027 .0025 

17 

2,360 

4.24 

23 

280 

.0021 . 

•0026 .0035 

18 

2,515 

4.00 

35 

340 

.0024 . 

0012 .0011 

19 

2,660 

3.76 

100 

340 

.0007 . 

00062 .00055 

20 

14,500 

0.69 

1000 

1004A 
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Zn th« thortw«v« pAth, a A«cmd bAAnApXltt«r SApArAtAt thA viAlblA 
oHaiuiaI to A Ailleon dAtAotor (Saa PiyurA 1*4). 

ThA toAn lofle And control OAt thA tAquAncA of Airth 
AtApa to providA a rapid aean adrror atAp notion co 5i fixed 
poaitiMta for ^paetral aanplinf of aach mapACtiVA air eolunn* ThA 
filter idtAAl rotation ia asrnehreniiAd to thia atap-and-hold aequAncA, 
wi^ i^roxinately one-third of die tdiael blank ao that the filtara ara 
puAitioned for aai^linf only after the nirror haa raAohed the hold 
poaitimi* Mgiatratim of the ^ieal fialda for each channel to a 
given eoluam of air ia dapendent to aona degraA on apaceeraft notion 
and on the alignnmt of the longaave and ahortwave field atopa and on 
aberrationa of the ^tiu ayatan* 

hadiant energy ia focuaad on <»olAd dot actor a <^rating at 
a near optinun taa^pAraturA of 107K. A Harcury Cadniun TAlluride detec- 
tor and Indiun Antinmi^ detector arc nounted on a t«ro-atage radiant 
cooler, n^ia aaaeii^ly ia lArge enough to have reaerve cooling opa- 
city. pernitting active theraal control to nainttin the datectora at a 
fixed 107X. The cooler and ita houaing arr eaigned for contanina- 

ti<»i prevention. Windo«ra on the houaing and atage prevent acceaa 

of ^ntaninante «diile controlling the heat input to the datectora. 
Bafflea and trapa aid capture of water v^^ in other areaa. A ayatem 
of heating the aecond atage (patch) and firat atage (radiator) ia pro- 
vided for initial out^aino and for dacontaadnation later ahould it be 
deaired. ^e cold firat atage windova are Iteated aeveral degreea above 
their aurrounda to reduce collection of contaadnanta on thoae eleoenta. 

Electrmiic circuita provide the functiona of power oonver- 
aion/ TOBanand. taleoetry. ud aignal proceaaing. Anplification of the 
inherently weak aignala froa the IR detectora ia done ^n two low-noiae 
aag>lifiera. The viaible detector feeda a aeparate pre^ii^lifier but 
joina the ahortwave chain juat after the low-noiae. ahortwave preas^li- 
fier. Radiant aignala are fed through a baae reference and memory 
proceaaor. multiplexed and A/D converted by a 13-bit range ayatem. 

Once converted to digital format, the data are again multiplexed with 
HIRS/2 "houaekeeping” data and provided aa a aerial data atream at the 
digital output. Data from HZRS/2 are held in memorv until called by 
the TIROS Information Proceaaor (TIP) requeat aignala end clocked out 
of the inatriaaent by the TIP clock. A aia^lifled diagram of the HZRS/2 
ayatem ia ahoim in Figure 1-5. 


Deaign changea made during teating of the protoflight unit 
included modification of the patch and firat atage by mechanically 
atlffening them with thermally inaulating rode. Thia reduced 
patch m^ion and the induced noiae reaultlng from modulating the 
background radiation, but it alao reduced cooling capacity of the 
ayatem. Thia required a change in tea^rature control from 105K 
to 107X. At thia temperature, the performance la alightly 
degraded and the cooling margin ia leaa than initially planned. 
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I. AMRTUflCSTOP 

а. PniMARV MIMROR 

3. SiCONOARY MIRROR 

A INRRARIO BtAMSRLITTeR 

9. ROI.DINO MIRROR. LW 

б. FISLOSTOR.UW 

7. C<W FILTERS 

8. LW lens no. 1 
ft. LW lens no. 2 

10. VACUUM WINDOW, LW 

II. COOLER WINDOW, LW 

12.AFLANAT LENS. LW 
ia. DETECTOR, LW 

T^. FIELD STOF.SW 
1&SW FILTERS 

is.sw lens NO.1 

17. VISIBLE BEAM. 

SPLITTER 

IS FOLDING MIRROR. 

SW 

isswlens no. 2 

20 VACUUM WINDOW, SW 
21. SW LENS NO. 3 COOLER 
WINDOW 

22.AFLANAT LENS, SW 



23. DETECTOR, SW 

24. VISIBLE lens NO. 1 
29. FOLDING MIRROR 

VISIBLE 

26. VISIBLE LENS NO. 2 

27. DETECTOR 
WINDOW, VISIBLE 

28. DETECTOR, 

VISIBLE 


Figure 1-4. Optic Layout 
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^LATIIIM (2) 


Figure 1-5. HIRS/2 System Block Diagram 
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Bapctltlv* Incluilon of •l«ctronlc calibration signals and 
ths periodic coamand to scan-to-spacs and two internal blackbodies pro- 
vide the system with a conflate set of data collection, calibration, 
and control that permita reliable operation in orbit. 

General characteristics of the KIRS/2 instrument may be 
better understood through study of Figure 1-S for electrical functions 
and Figure 1-6 which shows the major subassentblies of the instrument in 
an exploded view. 

1.3 KIRS Program Schedule 

The major events of the HIRS/2 develoj^ent program are 
listed in Table 1-3. These are the more important milestones in the 
program and will be referenced in discussion of test data. The pro- 
toflight schedule was planned to deliver an operational instrument at 
the earliest possible time. Significant effort was expended accelerat- 
ing the design and fabrication phase to meet a projected sixteen-month 
delivery schedule. Approximately two of the seven months of the sche- 
dule delay beyond the plan resulted from increased fabrication time and 
delays in conqponent delivery from semiconductor manufacturers. The 
remaining delay occurred in the test period when signal noise levels 
were unexpectedly high. The investigation of the cause and modifica- 
tion of the assembly required two iterations of modification emd test 
before achieving a reasonable system performance level. The pro- 
toflight unit, when delivered, had system noise levels above specifica- 
tion but within the baseline values of the Kimbus 6 HIRS system. 

Flight ftodel One assembly was slowed by the activity on the Protoflight 
unit. During system tests, a special test was performed to verify the 
effect of radiance from outside the 1.8^ field of view. Total 
integrated flux had an effect of less than 1 percent of the scene flux. 
Modifications to FMI are described in section 1.4. 

The Flight Model Two schedule moved efficiently through the 
assembly and test periods} however, flight experience on TIROS-M 
increased concern for cooler metrgln of all units in orbit. The deli- 
very of the FM2 was delayed several months while special instrumen- 
tation and tests were conducted to better define cooler thermal factors 
and validate the estimates of performance in orbit. From these tests, 
we made one modification to both FH1 and FM2 by adding a second shield 
on the cooler door. The final tests of FM2 were made with all modifi- 
cations in i^lace. %ese modifications are described in section 1.4. 

Integration of the protoflight unit into the TIROS-N space- 
craft took place after the normal spacecraft vacuum chamber test. In 
order to prove full instrument performance on the spacecraft with the 
detectors cold, a special test usembly was fabricated. This test 
assembly functioned satisfactorily but was difficult to set up and 
required careful handling to prevent damage to the instrument. The 
test wais under spacecraft control and did confirm normal operation with 
the other TIROS-N systems. 
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Tabl* 1>3» H1R8/2 Program Chronology 


Juna 29 , 1976 
Octobar 5, 6 , 7 
Pabruary 24# 25, 1977 
Saptanbar 17 
Octobar 5, 6 
Movanibar 19-21 
Decambar 

January 12-16# 1978 

January 18# 19 

March 3 

March 15 

April 5 

April 10-24 

May 1 

May 7 

May 22 

May 25# 26 

July 13-22 

July 29 

August 3-17 

August 24 

Octobar 13 

Octobar 28 - Dacembar 
Octobar 30 
January 8# 1979 
January 14-28 
January 30 - Fabruary 
February 19 
Juna 27 


Contract Start Data 

Praliminary Dasign Raviaw 

Critical Dasign Raviaw 

Protoflight System Assembled 

Final Design Review 

First Chamber Test 

Investigation of noise sources 

Chamber Tests 

First Vibration Test 

Patch modified to reduce vibration 

Chamber and Vibration Test 

Motor bearing changes and vibration retest 

Chamber Calibration Tests 

Protoflight delivery to RCA 

FNl system assembly con^lete 

PFM cooled detector tests on S/C complete 

Post Environmental Review 

FNl Chamber Test 

Vibration Test 

Chamber Calibration Tests 

FM1 delivery to RCA 

launch of TIROS-N 

17 FM2 Pre-vibration chamber tests 

PFM full operation on TIROS-N 
FM2 Vibration Tests 
Chamber Calibration Tests 

11 Special chamber tests 

Deliver FM2 to RCA 
Launch of MOAA-6 


14 


Flight Modslfl Ona and Two wara both dellvarad to the 
intagrator'a facilltiy in time to ba nountad to tha apacacraft bafora 
chambar tastj this aliminatad tha naed for tha facial coolar taat* 

1.4 Phyaical Diffarancaa Batwaan Unita 

Tha thraa inatrumanta dalivarad on tha KIRS/2 davaloj^ant 
contract ara baaically tha aama. Soma diffarancaa occurred in tha uaa 
of HIRS/1 componanta for tha protoflight unit and tha modification of 
Flight Ona and Fli^it Two to is^rova ayatam parformanca. 

1.4.1 (^tica 

In order to reduce procurement time and coat, aoma residual 
itema from tha HIRf program wara used in tha protoflight model. 

Major itama wara tha acan mirror, talaacopa, vlaibla detector, aoma 
apactral filtara and aoma optic elemanta. Tables 1**4, 1-5 and 1-6 list 
tha optic elemanta in each unit for tha longwave, ahortwave, and visible 
paths, respactlvaly. Whan parts for Fll^t (hie were procured, the 
talaacopa was purchased from Parkin-Elmar Corporation rather than from 
Farson Optics. Tha prescription remained the same, but the black sur- 
faces of the dichroic assembly were black painted rather than black 
iridited to reduce reflection. A spoclal baffle wo reduce potential 
light entry to the field stop was added to the protoflight unit and 
included in the flight unit design. 

1.4.2 Cooler Door 

Two changes have been made to the cooler door (earth 
shield) to inprove its effectiveness and reliability. 

As the result of design changes to the protoflight patch to 
add stiffener rods, tha door is prevented from closing to its typical 
position parallel to the cooler surface. At an angle of ten degrees, 
the door required a lengthened strap between the door and latch. The 
change in strap length was made on the protoflight, but problems 
encountered in vibration led to further redesign. After premature 
opening at TIROS-N launch, the design was changed to increase the 
strength of the strap emd preclude bending during closure or operation. 
The PFM and FM configurations are shown in Figure 1-7. This change was 
retrofitted on FMI at the integrator's facility and included on FM2 
before delivery. Ho problems were encountered during the launch of FM1 
on NOAA-6. 


A second shield was added to the door to reduce the earth 
and solar input to the cooler door that is cot^led to the cooler 
radiator. The original shield remained in place, but spacers and a 
second shield were added as shovm in Figure 1-8. This reduced the 
radiant inimt sufficiently to provide a predicted gain of nearly four 
milliwatts of patch cooling capacity. The shield was added to FMI at 
the integrator's facility. On !M2, the shield was added before the 
final chamber thermal tests at ITT; this permitted checking performance 
before delivery. 
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Table 1-4. HIRS/2 Longwave Optics 


FLIGHT TWO 

SERIAL 

MDMBBR 

102 

002 

002 

751- B 

752- C 
728-10 

2537-10 

5 

SOORCS 

APPLIED 

OPTICS 

PBRKIN- 

ELMER 

OCLI 

PBRKIM- 

ELMER 

Il-VI 

II -VI 

II -VI 

II-VI 

HIBSHMAN 

HONEYWELL 

FLIGHT ONE 

m 

3 

001 

001 

761-3 

752-B 

731A-2 

2655-17 

2 

SOURCE 

APPLIED 

OPTICS 

PERKIN- 

BLMER 

OCLI 

PERKIN- 

ELMER 

II-VI 

II-VI 

II-VI 

II-VI 

HIBSHMAN 

HONEYWELL 

PROTOFLIGHT 


8117351* 

9254101* 

9254102* 

9254119* 

9254104* 

S/N 684-T1 
S/N 631-C 
S/N 600-6B 

S/N 2068-32 

9254108* 

SN/1 

SOURCE 

APPLIED 

OPTICS 

PERSON 

PERSON 

OCLI 

PERSON 

II-VI 

II-VI 

II-VI 

II-VI 

PERSON 

HONEYWELL 


HIRS/2 

DRAWING 

NUMBER 

8123015 

8123272 

8123265 

8123262 

8123263 

8123047 

8123048 

8123108 

8123049 

8121550 

8122972 


MATERIAL 

BERYLLIUM 

CERVIT 

CBRVrr 

GERMANIUM 

PYREX 

CDTE 

CDTE 

CDTE 

ZNSE 

GERMANIUM 

HgCdTe 


ELEMENT 

DESCRIPTION 

SCAN MIRROR 

PRIMARY MIRROR 

SEC. MIRROR 
BEAM SPLITTER 

folding mirror 

L.W. LENS #1 

L.W. LENS *2 

L.W. VACUUM 
WINDOW 

L.W. RADIATOR 
WINDOW 

L.W. APLANAT 

L.W. DETECTOR 
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PERSON DRAWING NUMBER FOR PARTS 
FROM HIRS/1 FLIGHT MODEL 











Table 1-5. HlRS/2 Shorbwave Optics 
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PERSON DRAWING NUMBER FOR PARTS 
FROM HIRS/1 FLIGHT MODEL 















Table 1-€> HIRS/2 Visible Optics 
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* PERSON DRAWING NUMBER FOR PARTS 
FROM HIRS/1 FLIGHT MODEL 
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1.4*3 Sean Cavity Sun Shield 

An additimal shield i^ded to the scan «vlty (as shown 
in risure 1-1) forcing the oiroular gening above the wam oelibraticm 
target* It restricts solar ii^ut aore cosq^letely than before the 
change. This shield was added to fN1 at the integrator's and to FK2 
before delivery* 

1*4*4 Cooler Housing Temperature Monitor 

An available teaperature teleaetry position in the data 
atreaa was ispleaented to wmitor the cooler housing teaperature* A 
thermistor aounted on the vacuum housing is used to ^eck the housing 
teaperature to verify tiie heat flow into the cooler asseobly. Ae 
Inforaatlm is not used in systea calibratimi, but aids thermal 
modeling and test evaluation* This is in both flight models but 

not in the protoflight unit* 

1*4*5 Halay Hlook Inserts 

Tests for noise sources indicated that energy emittit I from 
the interior surfaces of the relay housing block were being ref4.ected 
fnmi the filter wheel back to the detector* Aluminised sylar sleeves 
with the aluminum surface toward the ^tic column were inserted in the 
cylindrical cavities of the relay block and hold in place by adhesives. 
The effect of the change was noticeable as a reduction of backgrovmd 
noise in the shortwave system. Both the mi and m2 have this diange. 

1.4.6 Longwave Detector and Aplanat 

Optical analyses verified that the detector and aplanat 
both have large n\8Bbers of rays striking their surfaces at high inci- 
dence a. gles. The surface antireflective coating of the detector was 
changau accordingly to aid collectim of high Incidence angle rays. 

This change was incorporated in the detectors for both fli^t aodels. 

At the sane time« a program was started to define and change the 
coating on the aplanatic lens that mounts to the detector. This ehonqo 
could not take place in tine for mi or m2. The next unit/ FM3 will 
have both the inproved detector surface and iiiproved aplanat surface. 

1.4.7 Outgas Heater Control 

The ability to correctly simulate thermal inputs to the 
cooler radiator and patch was haapered ^ the limitations on teet 
equii^mt and methods. In FM2/ the wiring to the radiator and patch 
outgas heaters was modified to have the wires exit the instrument 
through an available unused connector. External resistance and current 
monitors could then be included in the line for adjustment of heat 
input to these coep«tents* This persdts selection of thermal loads 
sioulating various orbit angle solar inputs. The result was test data 
more accurate and effective in prediction of cooler performance in 
orbit. After test/ the connector has a mating plug with loop-through 
wiring that returns the wiring to its original internal circuit. This 
change is incorporated in Plight Model T%x> only. 
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2.0 


SY8T1M PtXrOKMANCB 


Tha parfonMnea of tha thraa HXM/2 unlta will ba fivan 
hara aa an Indicator of tha final ^arating eonditiona bafora dalivary. 
Only tha major itaM of final taat data will ba ^raaantad. Datailad 
inforamtion haa already boon pobliahad in tha Znatruction Manuala# Taat 
Raportc . and Calibration and Taat Rapmrta of tha raapaotiva unita. 

2 . 1 Functional Farf ormanca 

lyatan laval taata of aach unit include chacka of all 
ealibratim and funetimal data and maai'urriaMMnt of paraamtara during 
aach operating node and at aach taat tanparatura. 

Sean ayatam parfomanca waa axcallant throughout all 
inatrumaat <^ration and taat* Tha atap parfomanca of all unita waa 
within apaeifieatimi on final taata. long period data monitoring at 
tha integrator datactad two infrequent acan retrace anomaliaa. In one 
caan# ttia acan logic reacted to ^uittar in mcodar rafaranea aignala. 
pravmting proper retrace to tha aero poaition. In tha aacond eaaa, a 
gating aignal had too narrow of a tolerance « omaing an extra atap to 
ba included at tha and of a ealilxration aaquence. '^ata at ITT datar> 
Binad tha cauaaa of tha problaM. h eoaponant value dianga and a cir- 
cuit Bkodification ware made to tha Frotoflight modal (FFM) and 
aubaaquant unita. After tdiia chan^. there ware no identifiable acan 
anoMliaa in inatnnant taat or orbit ^oration. 

Filter wheal motor performance waa equally auccaaaful. with 
no reported failurea or loaa of aynchronization that could ba attri- 
buted to tha filter wheal drive control. (A tambmx of apparent 
failuraa ware found to ba related to ooaputer data proceaaing errora.) 
Taata of the filter tdtaal drive under cold eonditiona reaulted in motor 
atart at S^c* tha lowaat required tanparatura for ayatam performance. 

Filter houaing tanparatura ia automatically controlled at 
30°c* Thia taaparatura control ayatam worka axtremaly %fall by main- 
taining tha houaing to within 0.01**C. Under warn inatrianant oon- 
ditimia. ayatam taata ware conducted at a baaaplate temperature of 
2S^C. It waa found that the filter motor ad^d aufficiant heat to 
raiaa tha houaing above ita normal control tanparatura of 30°c* At a 
baaaplate tanparatura of 22®C# the houaing came into control. A spe- 
cial test with )Miat control ^med off ahowad that tha wall-inaulated 
houaing remaina stable over long periods with no added heat input ~ A 
test of FH1 in the ITT chanter with filter houaing heat off indic.^trd a 
stable 294K tanparatura and a reduced noise level. In orbit, this per- 
formance waa duplicated# resulting in a dacisim to consider this the 
n<xninal operating condition for mission mode. 

Electronic calibrati<m ia included in tha system data after 
each scan line. Tests of linearity and stability under temperature and 
tinM cmiditions show thia input to bo sufficiently accurate so that no 
linearity correction need ba included in tha data processing. Long- 
term stability of this system haa bean excellent. 
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tftch voIt* 9 « sottro* in th« inatruMmt it aenitorad one* par 
lina (6*4 aacmda)* Thaaa data ara ravlawad for daviatlona in voltaga at- 
aaeh taat oondition* Itiara hava baan no ■alfunetiMis or daviatlMia of 
tha voIta 9 a auppliaa or amitoring ayataa during any of tha ayttaa 
tatta in orbital ^ratima to data. 

Ilaetrieal taata for powar au^ly tranaianta i^owad tha 
protofli^t aliglttly out of qpacificat lm baeauaa of currant tran- 
aianta occurring during acan ayataa braking. In flight Modala Ona and 
Tuo« tha acan control ayatM was optiaisad ali^tly and rasultad in 
bringing thaaa tranaianta within qpacificaciona. 

2.2 Sean Plana Alignamt 

Taata of tha daviatim of tha acan angla froa its daairad 
poaition ahow tha at fac** of tha ao\mting of tha acan housing^ basa- 
plata« and airror with raap^ to tha ^tic axia. Tha raaulta of tha 
taata on tha thraa unlta ia ahown in Figura 2-1. Xc may ba notad that 
tha arror ahown in tha protoflight unit ia all in ona diracti<m. On 
tha latar unita, tha alignamt procaduraa «rara is^rovad to pamit a 
radttCtiM of tha arror and a battar cantaring around tha saro arror 
ecmditim. 


2.3 InatruBont Itaight 

Tha protoflight and flight sndals wara waighad bafora ship- 
■ant to tha intagrator. FN2 had tha axtra door shiald bafora shipnant. 
Hai^ta of tha thraw units ara giwan balow. 

Protofli^tt 71.50 pounds 

Fli^t Ona 71.25 pounds 

Plight Two 71.62 pounds 

2.4 Coolar Parforaanca 

Parf 'manea of aach radiant eoelar was aaasurad in a 
chaabar taat. Tha coolars wara oparatad undar conditions that sinulata 
spaca as nearly as pMsibla. In aach taat# tha patch and radiator view 
a liquid iMliuai taaparatura targat. Solar and aarth inputs wara siau- 
latad cn tha protofli^t through oontrollad tharaal in^t by naans of 
radiation from a ^racial sourca closa to tha coolar door. For m2, tha 
solar and aarth inputs wars ai^liad by alactrieally hasting tha patch 
and radiator. This ^va amra praeisa control of thasa inputs. Tha 
tasts of FM2 than paraittad a nora accurata tharaal nodal to ba for- 
aulatad for tha instrusMnt as shown in Tabls 2-1. Tha charactaristics 
of tha systaa darivad froa this nodal ara givan in Tabla 2-2. Nota 
that mi was nodifiad at tha intagrator* s facility so that its tharaal 
propart ias ara tha saaa as m2, nia diffarancas in parforaanca ara 
ralatad to (1) noraal oonstructim tolarancas. (2) tha diffarancas in 
datactor bias powar. and (3) tha control taaparatura sat by circuit paraaa- 
tars. 
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TabU 2-1* HIRS/2 Coolar Thermal Hodel 



45® orbit 

68® orbit 


15® Base 

15^ Base 

PATCH TXMP!»AT0P1 

106.7 X 

106.7 X 

Power Radiated 

103.0 m 

-103.0 IBM 

Sv^port Rods 

12.0 

13.8 

Gold Back 

13.0 

16.7 

Detector Bias 

18.0 

18.0 

Optical Input 

17.0 

18.1 

Shield Radiative 

11.3 

16.0 

Extra Rods 

17.3 

19.6 

Control Power 

14.3 (3.5®) 

0.7 

RADIATOR imfPERATURE 

170.5 X 

179.9 X 

Power Radiated 

-1.19 W 

-1.47 W 

Strap Input 

.127 

..430 

Multilayer 

.345 

.334 

Support Rods 

.217 

.248 

Optical Input 

.311 

.311 

Shield Radiative 

.013 

.019 

Earth Input 

.152 

.170 

Patch Loss 

-.028 

-.035 

DOOR TEMPERATURE 

173.1 X 

188.5 X 

Solar Input 

.053 W 

.445 W 

Strap Loss 

-.127 

-.430 

Cover Input 

.172 

.125 

Radiator Radiated 

.012 

.015 

Power Radiated 

-.111 

-.156 


Table 2-2. HlRS/2 Cooler Performance 
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(1) Accurate values not obtainable from orbital data. 



Since door shields were changed on EMI and EM2# but not on the 
Protoflight Model, a correctlmi factor la applied to the Protoflight 
Model for this effect. 


Cooler test data for Protoflight Model, FM1, and EM2 may be 
conquered for cooling capacity if corrections are made for known changes 
In (1) longwave detector bias power, (2) the door changes mentioned 
above, and (3) the slight differences In patch osntrol temperature. 
Using the Protofll^t Model as reference, we can tabulate the 
variations and have a relative evaluation of the coolers. The test 
data shown in Table 2-3 are for chamber tests approximating a 45^ solar 
Input condition and with no corrections made for orbit versus chamber 
conditions. The standardized results show onl'^ 4.0 nM variation bet- 
ween units and Indicate that FN1 and FM2 are equivalent thermally. It 
does not Indicate that their performance will be the aaw» In orbit. 


Table 2-3. Cooler Capacity 




TEST 


CORRECTION 1 



RAD 

PATCH 

PATCH 

BIAS 

PATCH 




TS1P 

TEMP 

PWR 

PWR 

TEMP 

DOOR 

RESULT 

PFM 

173. 8K 

106. 6X 

7.9 mW 

0 

0 

+4.8 

12.7 mw 

PM1 

173.7 

106.6 

10.2 

-1.3 

0 

0 

8.9 

FM2 

170.5 

106.3 

12.9 

-5.4 

+1.2 

0 

8.7 


The Protoflight Model unit on TIROS-N experienced a failure 
of the door latch mechanism at shroud ejection, resulting In premature 
cooling of the system. Shortly after this occurrence, cooler heat was 
applied but the spacecraft lost attitude control and began rotating, 
exposing the cooler to solar Input. To conserve power, the instrument 
and its outgas heater were then turned off, again resulting in rapid 
cooling. When spacecraft stability was recovered, the cooler heat was 
restored and the two-week outgas period continued. The loss of cooling 
capacity shown In Table 2-2 as well as the difference noted in Table 2- 
3, may be attributed to contamination captured during the early cold 
intervalB; this loss may. In part, be caused by a portion of the latch 
mechanism remaining In the field of view of the patch. 

FM1 achieved proper outgasslng tenperatures of 31 OK on the 
patch and 294X on the radiator with the door closed. Concern for 
potential degradation of the longwave detector at tenperatures above 
293X led to opening of the door after four days. The cooler heat was 
turned off after 14 days. After cooling for two days, the radiator 
stabilized near 176.4X, about 5.4X above prediction. 
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A coaparlson of pr«dlct*d<-to*>«ctuttI cooling ^pnclty n««d* 
« mrractlon for sun angla* At 45®, tha solar input to tha radiator 
was pradlctad at 53 oH. At 35®, tha Input Is naar 20 nM. Tha 33 Utf 
dlffaranea can ba translatad to patch cooling capacity using tha 
couq^llng and sansltlvlty factors glvan in Tabla 2-2. 


33 mW X 


21. 5K .26K 1 raw 

W * K * .25K 


0.74 mW 


Subtracting this from tha 8.7 mW actually achlavad brings 
tha patch control powar to 8.0 sM. Tha 5.4K hlghar taii^>arature of tha 
radiator Incraasas patch lossas anothsr 5.6 oH so that. If tha radiator 
had parformad as axpactad, tha agulvalant patch control powar would ba 
13.6 mW as coaparad with 12.8 SW pradlctad. This indicates patch 
cooling capacity vary close to tha projected value and radiator cooling 
capacity below projected. 


2.5 Optics 

Tha optic systems all have tha same basic design, but show 
differing test performance because of variabilities of tha ^tlc parts, 
field stops, and detectors. The optical parts are listed In Tables 1-4, 
1-5, and 1-6, and In more detail In tha Technical Description. In PFM 
and PMI, tha field stop diameter was reduced to 0.222 Inches to In^rove 
registration by reducing the effect of optic and detector vignetting, 
while In Flight Two the original 0.262 Inch aperture Is used at the 
expense of some vignetting and longwave-to-shortwave misregistration. 

It made the alignment of these detectors more difficult, but resulted 
in a noticeable Increase in field of view sizes. A change in sounding 
algorithms by NOAA, reducing the dependence on longwave-to-shortwave 
registration, permitted the two bands to be optimized Independently. 

Measurement of optical field of view is made with the 
instrument in a fully assembled condition. A con^uter-controlled two- 
axis motion system moves a radiant source to 400 positions in a 
1.8® field. Data is taken from all channels and fed to the computer 
where the best fit circle is generated for the 50 percent angilltude 
condition and for the Effective Field of View (efov). The EFOV is the 
diameter of a cylinder within tdilch all energy would be contained at 
peak ai^lltude. The centroid of the energy Is also calculated and 
plotted to indicate relative positions of the optical fields for each 
channel. The results of these tests are shown in Figure 2-2. 

Alignment of the FM2 optics and detector were accomplished to obtain 
the largest fields of view with reduced concern for registration of 
longwave-to-shortwave channels because the sounding algorithms no 
longer assumed perfect registration. For FM2, we concentrated on 
obtaining maximum throughput with only nominal effort to register the 
channels. As noted In Table 2-4, the field sizes did Increase and 
registration Is worse than that on prior systems. 

The uniformity of energy within the optic field has been 
consistently poor In the longwave channels and excellent in shortwave 
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T4ble 2-4. optical Field of View Data 

Field of View Diameter (Degrees) 


Channel 

Numbers 

PFM 

50% FOV 
FN1 

PN2 

PFH 

EFOV 

FM1 

FM2 

LW 1 

m 






2 

- 

- 


- 

1.14 

- 

3 

1.18 

1.16 

1.33 

1.15 

1.14 

1.28 

4 

1.17 

1.17 

1.33 

1.14 

1.14 

1.29 

5 

1.18 

1.17 

1.33 

1.15 

1.14 

1.29 

6 

1.18 

1.17 

1.30 

1.15 

1.14 

1.28 

7 

1.19 

1.18 

1.29 

1.15 

1.14 

1.27 

8 

1.20 

1.20 

1.29 

1.17 

1.15 

1.29 

9 

1.21 

1.21 

1.26 

1.18 

1.16 

1.22 

10 

1.21 

1.20 

1.26 

1.16 

1.15 

1.26 

11 

1.20 

1.20 

- 

1.16 

1.15 

- 

12 

1.20 

1.19 

- 

1.15 

1.13 

- 

SW 13 

- 

1.23 

- 

- 

1.19 

- 

14 

- 

1.23 

- 

- 

1.20 

- 

15 

- 

1.23 

- 

- 

1.21 

- 

16 

- 

1.23 

- 

- 

1.21 

- 

17 

- 

1.22 

- 

- 

1.19 

- 

18 

1.23 

1.24 

1.44 

1.22 

1.21 

1.39 

19 

1.24 

1.23 

1.45 

1.22 

1.21 

1.40 

VIS 20 

1.22 

1.22 

1.51 

1.17 

1.22 

1.43 


NOTE: Data from some channels unobtainable in final HIRS/2 

configuration. 
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and vlalbla* This chsractarist.ic has bsan a strong Influsnca in ths 
Inability to rsgistsr ths two infrarad bands* Figura 2-3 shows thasa 
charaotariaties for typical longwa^ and shortwava channels . Ralatlva 
motion of datactors to aach othar and to tha fiald stop was unabla to 
corract this affset* It is prasumad/ but not provan, that this effect 
is related to the high incidence angles of rays Ingtinging on the apla- 
nat Ians and on tha detector. FM2 has a detector with an is^roved 
anti-reflective coating that should have captured more of tha off-axis 
rays* Unfortunately, this unit showed no greater field size or unifor- 
mity than the previous units* Tha problem may be related to tha apla- 
nat Ians, which also has hi^ Incidence angle rays* An isg>rovad 
aplanat is planned for FN3*^^^ 

Special tests of out-of-field radiant response were made cn 
tha PFM and FM1 units* The latest tests were made with the instrument 
fully assembled. In this condition, there spears to be no influence 
from radiation outside the 1*8^ fiald. 

2*6 Radiometric Performance 

Tha radiometric performance of the three instruments 
completed to date has been quite similar in that all units have been 
affected by background source variations. Each unit has sho«m an 
increase in the noise equivalent spectral radiance (NEAM) from this 
source. Ihe result is, therefore, somatdiat unpredictable in that the 
effect of a vibration test can cause increases in the noise level* FH1 
and FM2 show less tendency to change, partly because of changes made in 
the critical areas of the relay optics (see Section 1.4). 

Radiometric response (slope) is the system response to an 
input and is set by the transmission characteristics of the optics, 
filter, and detector. The variation in filters and optics is generally 
not great, but the responsivity of the longwave detector differs from 
unit to unit, both in its peak responsivity value and the charac- 
teristics with spectral input. Shortwave detectors are more con- 
sistent, but the filters have a much greater range of transmittance 
than the longwave filters for a given channel. Table 2-5 lists the 
slope, noise, and noise-equivalent radiance for each instrument tested 
in the laboratory* The variation in slope and noise values are 
apparent from this list. The data shown in the table is taken from the 
final calibration in thermal vacuum tests* 

The radiometric performance of the PFM and FM1 units in 
orbit have shown many of the tendencies observed during system test. 

On TIROS-N the protoflight unit did not achieve patch control tem- 
perature by approximately one degree* 


tests completed to date cn FM3 tend to verify that the aplanat 
was inproved, as shown by the excellent uniformity of the longwave 
field. 
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Figure 2-3. Characteristics Of Typical Longwave 
And Shortwave Channels 
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nils can ba scan to affact tha raaponsivity of tha datactor aa shown by 
tha alopa of tha longwava ohannala. 

Tha PFN also axt>er1«;ncad a highar noiaa laval in orbit than 
it showad in final syatMi ttr* for nany of tha longwava d^annala. This 
waa not unaxpaotad bacauaa wa had aaan similar incraasas aftar vibra- 
ticm tasts* Tha rasulting Ml/UI valuas as shown in Tabla 2-6 ara saan 
to ba abova tha tast valuas of ^bla 2-5 • Thasa valuas hava ramainad 
assantially constant aftar mora than nina months in orbit. 'Ria 
variation of patch tasiparatura with mxn angle (107. 15K to 108. 1SK) has 
had only a small affact on tha MldM ( approximataly fiva parcant). 

Thara is no sign of a ^anga in shortwave channel slopes that would 
indicate a reduction of optical transmission. Tha shortwave is a 
batter measure of c^tical contamination because it doaa not fluctuate 
with patch tamparatura. From this axparianca. %#a can anticipate con- 
tinued successful operation. 

2.7 Visible Channel Performance 

Tha visible channel is a single channel at 0.69 ^ with a 
wide spectral band^ss. Tha registration of tha visible channel is 
controlled by tha shortwave field stop, providing close registration to 
those channels. Tha signal aa^lification uses soma of the shortwave 
an^lifiar and is partly dependant m tha gain of tha shortwave system. 
Noise levels in tha visible channel ara vary low, generally averaging 
about 0.4 counts standard deviation. Tha dynamic range for full 
darkness to 100 parcant albedo is ^pically about 3500 counts, pro- 
viding a vary wide teightnasa range. Tha albedo in parcant is calcu- 
lated frcxn tha count value and an offset value. 

Y - Ax + B 

where Y is albedo in parcant, A is multiplier for each instrument, and 
B is constant offset for each instrument. 



A 

B 

PPM 

.0221 

80.0 

PM1 

.0297 

108.0 

FM2 

.0307 

111.2 
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TftbU 2-6. Orbital Vttormanem 
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4.2 
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.76 

3 
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4 
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5 
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.31 

6 
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.30 

7 

.79 

.23 

8 

.61 

.076 

9 
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.068 

10 

.66 

.094 

11 

.76 

.20 

12 

.53 

.14 

13 

.255 

.0053 

14 

.141 

.0042 

IS 

.149 
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16 
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.0015 

17 

.098 

.0020 

18 

.87 

.0022 

19 

.57 

.00065 

filter WaiL T. 

303.1 


PATCH POWER 

0 



VN1, MOAA-6 

OMIT OMIT 

MM-<K»mOL P08T OOMTROL 

7/13/79 7/13/79 


176. 4X 


SLOPE 

mean 

SLOPE 

MEOli 

.2518 

1.765 

*2853 

1.92 

.1547 

.468 

.1747 

.506 

.1330 

.379 

.1497 

.413 

.1021 

.286 

.1146 

.311 

.0707 

.237 

.0793 

.261 

.0784 

.283 

.0877 

.295 

.5084 

.164 

.5676 

.174 

.3019 

.059 

.3338 

.062 

.3660 

.068 

.4040 

.071 

.5621 

.126 

.6191 

.137 

.6546 

.179 

.3212 

.191 

.4488 

.143 

*4944 

.150 

.1710 

.0022 

.1711 

.0025 

.1948 

.00296 

.1949 

.0032 

.2247 

.0038 

.2248 

.0037 

.1381 

.00198 

.1382 

.0021 

.1524 

.00183 

.1525 

.0019 

.7077 

.00086 

.7084 
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.00048 

.5016 

.00049 
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3.0 


COMCXjDtZOMf AMD MSCOMOMDATIOMt 


Th« ttZM/2 iMtrwmta dav«Iop«tf and dtlivarad for tho 
TZROfi-^ ^rograa havo «at tha ^graai objaetivaa of funetimol parfor- 
Bkanca Md raliabillty. Aia radioMtrie ^lallty of tha Inatniaanta 
■aata tha oanaral parforaanoa lava! of tha ^adaeaaaor iaatruBant on 
which tha daaion and oparatlmal utiiicatlwi wara haaad. Tha Inatro- 
aMDta wara not abla to aMt tha laeraaaad aaaaitivlty raqoiraaaata 
■tatad for thia ^ra^a« aftar a daal^ chan^a in alfnal ^oeaaaing \mu 
inatltutad to aaacra Indapandanea froa nMt-taiifora radiant fiaida. 

Thia ^langa aada tha iaatrwBMnt aora valid Miaatifically# but raaultad 
in an incrMaad auacMptibility to aaall ^angaa in radiant input at tho 
datactor. Many of tha daai^ ehangaa daaeribad aarliar «Mra inatitutad 
to raduca thia auaeaptibility. With a hurriad aaaMd»ly and dalivary 
aohadulOf it waa oonaiterad valuabla to hava inatruamta of thia 
quality in orbital ^oration whara ataoapharic aotmdinga could ba 
rotttinaly ganaratad and tha inatruamt quality aaaMaad aa part of tha 
total Mundlng product. tvaluatlMi of tha ^paratimal ayataa and tha 
rola of HZM8/2 will eoaa froa tha uaar (MOAA) aa tiaa prograaaaa. 

Tha daaign of tha KZMS/2 inatruaant includad optical, 
radioaotrie. radiativa. tharaal. alaetronie. aaehanieal. ani funetimal 
raquiraaanta . Dataila of oacV' daaign ara givan in proviousi technical 
r^perta* periodic rapmrta. daalp) raviawa# and apacial raporta. Tha 
daaipia ware validated by analyaia and teat and eonfimad by «rbit 
^oration. Bocm diaractorlatica ot tha ayatra wara liaitad by phyaical 
conatrainta ijqpMad hy tha dapantenca axiating miponanta and 
daai^ia froai HZXS/1 and frma phyaical oonfiguratimi liaitatiMa of tha 
TZROC-N aatallita. 

Tha goala for optical axcallanca included cloaa ragiatra* 
tiw) batwaan all ^uuunala. unifora fiaida, identical field aiaaa, and 
waxiatMi collactim efficiency, nia baaic daaign of two highly 
ragiatarad field atopa to aat ragiatratim and unifonaity ahould hava 
provided tha daaired quality, but limitation of ^tie ooaq)Mant aiaa 
and i^arant datactor and optical coating inadequacy pravantad 
achieving the goala. laqprovamant in ^tical coating efficiency at high 
incidence anglat on tha longwa^ ^lanat lana, as nantionad in aaction 
1.4.6, ia likely to ia^rova ayatam parfomanea in tha near tarn. 

Lanaaa procured for following unite have an iaprovad eurfaca and may 
ahow aoma gaina. 

hadiant cooler parfomanea waa limited in also by tha 
apaeacraft configuratiMi and again by addition of atiffnar roda to 
radum datactor auaeaptibility to vibratimi-inducad background changaa. 
prom a planned 10SK operating taa^aratura with a SK margin, tha parfor- 
Bumea now haa an < 9 arating taa^aratura of 106. SX with about 2X margin. 
Tha unfortunate loaa of cooler parfomanea of tha PPM on TIROS-M had 
tha fortunate raault of damonatrating a hi^ degree of taaqparatura sta- 
bility for th'i detaetora in tha absence of active control. With this 
knowledge and tha fact that ayatam parformanea dagradaa slowly up to a 
datactor tas^aratura of 110X, tha riak of flying an instrument with a 
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«m 11 fliarfin la raduead* Anothar parpoaa for eoolar aarfin la to pro- 
vite axeaaa for ^wn^aa in aun angla and ooolar dagradatimit Aftar 
Bina nontha in orbit, thara i^paara to ba no notioaabia loaa in optical 
tranMiaaiw or eoolar parfonMAca that would iadieata dagradation, 
again at^pporting tha uaa of an inatruaant with Maall ooolar aargin* 

Aadioatttric parforaanea haa baan diaouaaad in j^avioua aae- 
tima. rroa taata aada during invaati^timi of noiaa factora, it ^a 
found that tha background dataetmr and alaotrmie noiaa lavala ara 
naarly ona-third of thoaa nMaurad in ayatan taata, indicating a capa- 
bility for aignificantly inprovad parforaanca. Tha influanea of low- 
lawal vitoation originating in tha filtar whaal aotor can ba dataetad 
aa it affaeta radiant anargy aadttad froa varioua eon^nanta of tha 
ayatM* lhaaa ooaipcMianta ineluda tha filtar whaal, all optic alananta 
and thair nounta, all tha airrora and windowa in tha optic path batwaan 
tha filtar idtaal and tha dataetor, and tha datactor and atruetura on 
which thay ara nountad, txpariauHita and modifieationa to tha flight 
BOdala ahow that reducing wibratim of tha aotor, reducing taa^ratura 
of any part of the optica ayatM, reducing aaiaaiwity of lana holdara 
and optic patha and atiffaning tha patch can all reduce tha background 
noiaa. Operating tha inatruBMAt with filtar houaing heat off raducaa 
tha taa^aratura of aona ^tieal oMv«\enta and ia affective. FM1 on 
MOAA-€ Will ba operated thia way. laaad on ^aliainary taata of nt3, 
tha uaa of an alxaimm lana holder (relay ^tica block) raducaa lana 
and mo\ait taivaratura and iq^ara to ba affective ia taducing noiaa 
lavala. Hathoda auch aa thia ara being conaidarad to inprova tha 
ayataa parforaumea within tha liaitationa of praaant ayataa con- 
figuration and tine conatrainta. Thaaa diangaa awy reduce noiaa by tan 
to thirty percent, but, nora inportantly, auiy reduce tha tendency to 
incraaaa noiaa after vibratiom teat or launch aa tha raault of 
incraaaad aotor vibration and ita trananiaaion through tha ayataa. 

KaeoaaMndationa for naar-tara iaprovaaanta that night be 
inatitutad in tha following flight aodala (five additimial unite) 
include iaqprovad optical eoatinga on tha longwave i^lanat and continued 
avaluatiem of changaa auch aa tha uaa of tha alinainun rolay block. 

Thaaa aodificationa require no atanga in inatruBMnt configuration ot 
operation. Operating with tha filtar houaing heat off ahould ba con- 
aidarad aa a viable aaana of gaining parforaanca} other ^proachaa 
Bight ba conaidarad. grating with patch control power off aight ba 
conaiterad ainca a 2X lower datactor t«aparatura incraaaaa longwave 
raaponaa by ^pproxiaataly IS percent. 

Long-tara eonaidaration of baaic ia^rovMMnta ahould 
include aodifying tha cooler aaaaably to (1) achieve a lower operating 
taaparatura and (2) to add axceaa cooling capacity to offaa:. aun angle 
affaeta. Tha filter-wheal taaparatura and optic-ay ataa taaparaturaa 
ahould ba reviewed for daaign changaa that could aatarially reduce tha 
aourca taaparatura and tha affect of low-laval vibration, with a 
nuabar of wall (xmaidarad changaa, it ia raaaonabla to achieve ayataa 
parforaanca lavala eonaiatently batter than now obtained froa thaaa 
early aodala of tha High Paaolution Infrared Radiation Sounder. 


37 


